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O (57) Abstract: A percutaneous heart valve prosthesis (1) has a valve body (2) with a passage (9) extending between the fiist and 
second ends (7. 8) of the valve body (2). The valve body (2) is collapsible about a longitudinal axis (10) of the passage (9) for delivery 
O of ^® (2) ^ catheter ( 1 8). One or more flexible valve leaflets (3, 4) are secured to the valve body (2) and extend across 

O the passage (9) for blocking bloodflow in one direction through the passage (9). An anchor device (5). which is also collapsible for 
delivery via catheter (18), is secured to the valve body (2) by way of an anchor line (6). A failed or failing mitral heart valve (101) is 
^ treated by percutaneously locating the valve body (2) in the niitral valve orifice (102) with the anchor device (5) located in the right 
^ atrium (107) and engaging the inter-atrial septum (103), such that the taught anchor line (6) acts to secure the valve body (2) within 
the mitral valve orifice (102). 
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PERCUTANEOUS HEART VALVE PROSTHESIS 

Field of the Invention 

The present invention relates to a percutaneous heart valve prosthesis, and 
particularly relates to, but is not limited to, a percutaneous mitral valve prosthesis. 

Background of the Invention 

Heart valve regurgitation is a condition whereby the heart valve does not seal 
completely as a result of disease or injury, and may have fatal consequences. 

Malfunctioning heart valves have typically been replaced with mechanical or 
biologic heart valve prostheses using highly invasive open-heart surgery techniques. 
Whilst there has been some success in developing replacement aortic valve prostheses for 
delivery via percutaneous catheter-based methods, these techniques have not been 
particularly successful when applied to mitral valve prostheses. 

Mitral valve replacement is firstly made difficult as a result of the anatomy of the 
mitral valve, and particularly that of the mitral valve annulus in which the mitral valve 
leaflets are located. The mitral valve annulus is typically very distorted, and of 
unpredictable and non-uniform geometries, as compared to the relatively uniform aortic 
valve annulus. This unpredictable anatomy makes it difficult to design a pre-constructed 
mitral valve prosthesis that would fit the mitral valve annulus in a satisfactory manner for 
safe, stable and meticulous deployment. 

Further, unlike the aortic valve annulus which is entirely surrounded by muscular 
tissue, the mitral valve annulus is bounded by muscular tissue on the outer wall only, with 
the inner side of the mitral valve annulus being botmded by a thin vessel wall which 
separates the mitral valve annulus and the aortic outflow tract. As a resxdt, the mitral 
valve annulus cannot be subjected to any significant radial forces, as would be typical 
with an expanding stent type of valve prosthesis, as such radial forces would tend to 
collapse the aortic outflow tract, resulting in circulatory collapse with likely fatal 
consequences. As a result of these difficulties, firm anchoring of a deployed mitral valve 
prosthesis is currentiy not readily obtainable. 

Mitral valve replacement techniques have also generally advocated removal of the 
native valve prior to location of the replacement mitral valve prosthesis. This is a 
technically extremely challenging task associated with the potentially fatal complication 
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of profound mitral regurgitation that may not be adequately addressed by the subsequent 
valve replacement. The lack of an eJBfective mitral valve may lead to overwhehning 
hemodynamic instability that may not be tolerated by the aheady compromised left 
ventricle and overwhelming pulmonary edema may rapidly result. 

Object of the Invention 

It is the object of the present invention to overcome or substantially ameUorate at 
least one of the above disadvantages. 

Summary of the Invention 

There is disclosed herein a percutaneous heart valve prosthesis comprising: 
a valve body having a valve body first end, a valve body second end and a passage 
extending along a longitudinal axis between said valve body first end and said valve body 
second end, said valve body being collapsible about said longitudinal axis for delivery via 
caflieter; 

one or more flexible valve elements seciu^ to said valve body and extending 
across said passage for blocking bloodflow in one direction through said passage; 

an anchor device, said anchor device being collapsible for delivery via catheter; and 
an anchor line secured to and extending between said valve body and said anchor 
device. 

The anchor device may comprise a collapsible anchor fiame formed of elongate 
elastic anchor firame elements. The anchor firame may be collapsible fix)m a stable 
substantially flat plate-like configuration to an unstable elongate configuration for 
location within a catheter. The anchor firame elements may each be formed of a 
superelastic shape memory material. 

The valve body may comprise a collapsible valve body firame formed of elongate 
elastic valve body elements. The valve body firame elements may each be formed of a 
superelastic shape memory material. 

The valve body typically tapars toward said valve body first end. The anchor line is 
then usually secured to said valve body first end. 

The valve body firame may comprise at least three valve body sub-frame members, 
each said valve body sub*firame member having the general form of a deltoid, each said 
deltoid having acute-angled vertices at said valve body first and second ends, and 



wo 2005/087140 



3 



PCT/AU2005/000346 



oblique-angled vertices located between said valve body first and second ends. Each 
valve body sub-frame member may have the general form of a rhombus. 

The valve body sub-frame members may be joined at respective said oh>lique-angled 
vertices. 

Each sub-frame member may further comprise a collapsible diagonal element 
extending between said oblique-angled vertices. The one or more valve eleni_ents is/are 
generally secured to the diagonal elements. 

The valve body frame may alternatively be in the general form of a collapsible 
cylindrical ring. 

The prosthesis may fiuther comprise a plurality of prongs spaced about a periphery 
of said valve body for engaging the native, wall of a valve orifice in use. 

The prosthesis may still ftirther comprise a flexible skirt extending about a 
periphery of said valve body for blocking blood flow in said one direction between said 
valve body and the native wall of a valve orifice in use. Said flexible skirt may be formed 
of biological material, typically pericardial material. 

The prosthesis is typically a mitral valve prosthesis. 

There is ftirther disclosed herein a percutaneous heart valve replacement system 
comprising: 

a catheter having a catheter first end and a catheter second end; 

a prosthesis as defined above located in said catheter, said valve body l>eing in a 
collapsed state and located towards said catheter first end, said anchor device being in a 
collapsed state and located between said valve body and said catheter second end; and 

an elongate guide element having a guide element first end and a guide element 
second end, said guide element first end being detachably attached to said anchor device 
and said guide elemait second end extending beyond said catheter second en<i. 

There is fiirther disclosed herein a method of treating a failed or failing mitral valve 
comprising the steps of: 

advancing a first end of a catheter through the venous system of a patiejnt to be 
treated into the right atrium of the patient's heart; 

creating a pxmcture in the inter-atrial septum of the heart; 

advancing said catheter first end through said puncture, into the left atrium, through 
the native nwtral valve and into the left ventricle of the heart; 
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locating a prosthesis as defined above in said catheter with said valve body and said 
anchor device in a collapsed state, said valve body being located between said anchor 
device and said catheter first end; 

advancing said prosthesis through said catheter until said valve body is released 
jfrom said catheter first end, thereby expanding said valve body firom said collapsed state; 

withdrawing said catheter first end through the mitral valve into the left atrium; 

withdrawing said valve body toward the left atrium, locating said valve body in the 
orifice of the native mitral valve; 

withdrawing said catheter first end through said puncture and into said rigjit atrium; 

advancing said anchor device through said catheter until said anchor device is 
released firom said catheter first end, thereby expanding said anchor device fi^om said 
collapsed state; 

engaging said anchor device with said inter-atrial septum about said puncture; and 
withdrawing said catheter from the patient. 

There is yet further disclosed herein a percutaneous heart valve prosthesis 
comprising: 

a valve body having a valve body first end, a valve body second end and a passage 
extending along a longitudinal axis between said valve body first end and said valve body 
second end, said valve bemg collapsible about said longitudinal axis for delivery via 
catheter; 

one or more flexible valve elements secured to said valve body and extending 
across said passage for blockmg bloodflow in one direction through said passage; 

wherein said valve body tapers toward said valve body first end, said valve body 
first end being sized to pass through a valve orifice associated with a heart valve to be 
replaced, said valve body second end being sized so as not to pass through the vdve 
orifice. 

The valve body may comprise a collapsible valve body firame formed of elongate 
elastic valve body elements. The valve body frame elements may each be formed of a 
superelastic shape memory material. 

The valve body frame may comprise at least three valve body sub-frame members, 
each said valve body sub-frame member having the general form of a deltoid, each said 
deltoid having acute-angled vertices at said valve body first and second ends, and 
oblique-angled vertices located between said valve body first and second ends. Each 
valve body sub-frame member may have the general form of a rhombus. 
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The valve body sub-frame members may be joined at respective said oblique-angled 
vertices. 

Each sub-frame member may fiirther comprise a collapsible diagonal element 
extending between said oblique-angled vertices. The one or more valv^e elements is/are 
generally secured to said diagonal elements. 

The prosthesis is typically a mitral valve prosthesis. 

There is yet further disclosed herein a percutaneous heart valve r^lacement system 
comprising: 

a catheter having a catheter first end and a catheter second end; 

a prosthesis as defined above located in said cafibeter, said valve "body being in a 
collapsed state and located towards said catheter first end; and 

an elongate guide element having a guide element first end and a guide element 
second end, said guide element first end being detachably attached to said prostiiesis and 
said guide element second end extending beyond said catheter second end. 

There is further disclosed herein a method of treatmg a failed or failing heart valve 
comprising the steps of: 

advancing a first end of a catheter through the venous system of a patient to be 
treated into the right atrium of the patient's heart; 

creating a puncture in the inter-atrial septum of the heart; 

advancing said catheter first end through said puncture, into the left atrium, through 
the native mitral valve and into the left ventricle of the heart; 

locating a prosthesis as defined above in said catheter with said valve body in a 
collapsed state and said valve body second end located between said valve body first end 
and said catheter first end; 

advancing said prosthesis through said catheter until said valve body is released 
from said catiieter Gxst end, thereby expanding said valve body &om said collapsed state; 

withdrawing said catheter first end through the mitral valve into the left atrium; 

withdrawmg said valve body toward the left atrium, wedging said valve body in the 
orifice of the native mitral valve; and 

withdrawing said catheter from the patient. 

There is still further disclosed herein a percutaneous heart valve prosthesis 
comprising: 

a valve body having a valve body first end, a valve body second end and a passage 
extending along a longitudinal axis between said valve body first end and said valve body 
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second end, said valve body being collapsible about said longitudinal axis for delivery via 
catheter; 

one or more flexible valve elements secured to said valve body and extending 
across said passage for blocking bloodflow in one direction through said passage; 

a flexible skirt extending about a periphery of said valve body for blocking 
bloodflow in said one direction between said valve body and the native wall of a valve 
orifice in use. 

The flexible skirt may be formed of biological material, typically pericardial 
material. 

The prosthesis is typically a mitral valve prosthesis. 

There is still further disclosed herein a percutaneous heart valve replacement system 
comprising: 

a catheter having a catheter first end and a catheter second end; 

a prosthesis as defined above located in said catheter, said valve body bemg in a 
collapsed state and located towards said catheter first end; and 

an elongate guide element having a guide element first end and a guide element 
second end, said guide element first end being detachably attached to said prosthesis and 
said guide element second end extending beyond said catheter second end. 

There is further disclosed herein a method of treating a failed or faihng mitral valve 
comprising the steps of: 

advancing a first end of a catheter fiirough the venous system of a patient to be 
treated into the rigjbit atrium of tiie patient's heart; 

creating a puncture in the inter-atrial septum of the heart; 

advancmg said catheter first end through said puncture, into the left atrium, through 
the native mitral valve and into the left ventricle of the heart; 

locating a prosthesis as defined above in said catheter with said valve body m a 
collapsed state; 

advancing said prosthesis through said catheter until said valve body is released 
fit>m said catheter first end, thereby expanding said valve body firom said collapsed state; 

withdrawing said catheter first end through the mitral valve into the left atrium; 

withdrawing said valve body toward the left atrium, locating said valve body in the 
orifice of the native mitral valve with said skirt located toward the left ventricle; and 

withdrawing said catheter &om the patient. 
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Brief Description of the Drawings 

Preferred forms of the present invention will now be described by way of example 
with reference to the accompanying drawings, wherein: 

Figure 1 is a front elevation view of a percutaneous mitral valve prosthesis. 

Figure 2 is a front elevation view of a sub-frame member of the valve body of the 
prosthesis of Figure 1. 

Figure 3 is a schematic cross sectional front elevation view of the valve body of the 
prosthesis of Figure 1 . 

Figure 4 is a front elevation view of the valve body of the prosthesis of Figure 1 in a 
collapsed state located in a catheter. 

Figure 5 is a front elevation view of an altemate valve body of a percutaneous 
mitral valve prosthesis. 

Figure 6 is a front elevation view of the anchor device of the prosthesis of Figure 1. 

Figure 7 is a plan view of the anchor device of Figure 6. 

Figure 8 is a front elevation view of the anchor device of Figure 6 in a collapsed 
state located in a catheter. 

Figure 9 is a schematic front elevation view of a patient depicting a guide wire 
accessing the patient's heart. 

Figure 10 is a schematic cross-sectional front elevation view of a heart depicting a 
catheter advanced mto the right atrium and a puncture formed in the inter-atrial septum. 

Figure 1 1 is a cross-sectional front elevation view of the heart of Figure 10 with the 
catheter advanced into the left ventricle. 

Figure 12 is a schematic cross-sectional front elevation view of the heart of Figure 
10 with a percutaneous heart valve prosthesis advanced through the catheter. 

Figure 13 is a schematic cross-sectional front elevation view of the heart of Figure 
10 with the valve body of the prosfliesis released fix)m the catheter into the left ventricle. 

Figure 14 is a front elevation view of the heart of Figure 10 with the catheter 
withdrawn into the right atrium and the prosthesis valve body located in the mitral valve 
orifice. 
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Figure 15 is a schematic cross-sectional elevation view of the heart of Figure 10 
with the prosthesis fully deployed. 

Figure 16 is a front elevation view of an alternative percutaneous heart valve 
prosthesis. 

Figure 17 is a further view of the prosthesis of Figure 16. 

Figure 18 is a front elevation view of flie prosthesis of Figure 16 in a collapsed state 
located in a catheter. 

Figure 19 is a schematic cross-sectional front elevation view of a heart with a 
partially deployed prosthesis of Figure 16. 

Figure 20 is a schematic cross-sectional front elevation view of the heart of Figure 
19 with the prosthesis fully deployed. 

Detailed Description of the Preferred Ennbodiments 

Referring specifically to Figure 1, a percutaneous heart valve prosthesis, m the form 
of a mitral valve prosthesis 1, comprises a valve body 2, first and second flexible valve 
elements 3, 4, an anchor device 5 and an anchor line 6 secured to and extending between 
the valve body 2 and the anchor device 5. 

The valve body 2 has a first end 7 and a second end 8. A blood flow passage 9 
extends along a longitudinal axis 10 between the valve body first end 7 and the valve 
body second end 8. The valve body 2 is configured so as to be collapsible about the 
longitudinal axis 10 to enable the valve body 2 to be located in a catheter for deUvery of 
the prosthesis 1, as will be discussed further below. 

The valve 2 is in the form of a collapsible valve body firame formed of elongate 
elastic valve body firame elements 1 1 . Each of the valve body frame elements 1 1 may be 
suitably formed as wires of a superelastic shape memory material. A particularly suitable 
material is nitinol, a nickel-titanium alloy, which is known for use in percutaneous 
prosthesis applications. Other suitable elastic metallic materials include stainless steel, 
gold, other titanium alloys and cobalt chromium molybdenum. Other suitably rigid yet 
elastic metal alloys, or non-metallic materials, may also be utilized as desired. The valve 
body frame elements 1 1 will typically have a thickness of the order of 0.3 to 0.4 mm, 
however elements of varying diameter are also envisaged. 

The valve body frame 2 depicted in Figure 1 comprises three valve body sub-frame 
members 12. One such valve body sub-frame member 12 is depicted in Figure 2. As can 
best be seen &om Figure 2, each valve body sub-frame member 12 is in the general form 
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of a deltoid, and here particularly in the form of a diamond or rhombus (that is, a deltoid 
with four equal length sides). Each valve body sub-frame member 12 is arranged such 
that the acute-angled vertices 13, 14 of the rhombus are arranged at the valve body first 
and second ends 7, 8, with the oblique-angled vertices 15, 16 located between the valve 
body first and second ends 7, 8. 

Each valve body sub-fitime member 12 will generally be foraied of two wires, 
kinked to form the oblique-angled vertices 15, 16, with the ends of each wire being 
soldered to form the acute-angled vertices 13, 14, fliereby providing the rhombus form. 

Alternatively, the wires could be kinked to form the acute-angled vertices 13, 14, 
with the ends soldered at the oblique-angled vertices 15, 16. 

Adjacent valve body sub-frame members 12 are joined at their respective oblique- 
angled vertices 15, 16 as depicted in Figure 1, typically by soldering. Alternatively, the 
adjacent valve body sub-frame members may be sutured or joined by any other suitable 
means. Whilst, in the valve body 2 depicted, three sub-firame members 12 are joined so 
as to provide a generally triangular traosverse cross-section, more than three sub-frame 
members may be utilised as desired such that the transverse cross-section of the valve 
body 2 becomes gradually more circular in shape with the addition of fiulher body sub- 
fi-ame members 12. 

As is particularly apparent from Figure 1, the valve body 2 is arranged such that it 
t^ers towards the valve body first end 7. The valve body is tapered and sized such that 
the valve body first end 7 is able to pass througih a mitral valve orifice associated with a 
mitral valve to be replaced, with the valve body second end 8 being sized so as not to pass 
througjbi such a mitral valve orifice, when in the uncollapsed state. A mitral valve orifice 
in an adult person typically has a diameter of the order of 25 mm. 

Referring again particularly to Figure 2, each valve body sub-frame member 12 
may fiirther comprise a collapsible diagonal element 17 extending between the oblique- 
angled vertices 15, 16. The diagonal elements will typically be in the form of a kinked 
wire formed of the same material as the remaining elements 1 1 of the valve body sub- 
firame member 12. The kink is provided in the diagonal element 17 to enable it to readily 
collapse to allow delivery via catheter. 

Referring to Figures 1 and 3, the valve elements 3, 4, in the form of valve leaflets, 
are secured to the valve body 2 on opposing sides of the bloodflow passage 9. Typically, 
the valve leaflets 3, 4 will be sutured to the diagonal elements 17 of the valve body sub- 



wo 2005/087140 



10 



PCT/AU2005/000346 



sub-frame members 12. The valve leaflets 3, 4 are here overlapping, typically with a 
shorter leaflet 3 overlapped by a longer leaflet 4 lying between the shorter leaflet 3 and 
the valve body second end 8, such that, in use, the longer leaflet 4 lies on the outer or 
ventricular side of the valve body 2. 

The valve leaflets 3, 4 are configured in a known manner so as to open toward the 
valve body second end 8, allowing bloodflow through the passage 9 in a direction from 
the valve body first end 7 toward the valve body second end 8, and to sealingly lock in 
response to pressure acting in the opposite direction, so as to block bloodflow through the 
passage 9 in the reverse or retrograde direction. The valve leaflets may be formed of 
biological material, such as pericardial material, as is well known in the art, or of any 
other suitable flexible valve materials known m the art, including woven metallic 
materials or non-metallic materials such as silicone. The valve leaflets may be sutured to 
the diagonal element 17 around the entire periphery of the passage 9, or may be hinged 
only at one or more discrete points around the periphery of the passage 9. Any of various 
well known valve leaflet configurations may be utilised so as to provide the one way 
valve function required, including configurations utiUsing one valve leaflet only or 
utihsing three or more valve leaflets as is known in the art. Altematively, a single valve 
element in the general form of a windsock might be utilised. 

Referring to Figure 4, the configuration of the valve body 2 facilitates it being 
collapsed about the longitudinal axis 10, enabUng it to fit within a catheter 18 for 
subsequent p^cutaneous deployment 

As depicted in Figures 1 and 2, prongs, typically in the form of barbs 19, may be 
spaced about the'periphery of flie valve body 2, typically at or adjacent the oblique-angled 
vertices 15, 16 of each sub-frame element, for engaging the native aimular wall 
surrounding a valve orifice in use, as will be discussed below. Further barbs may be 
located at the acute-angled vertices 24 at the valve body second end 8. The barbs 19 will 
typically point toward the end 7, when the anchor line 6 is secured to flie valve body first 
end 7. 

Referring to Figure 5, a flexible skirt 20 may extend aroimd the periphery of the 
valve body 2 for blocking retrograde bloodflow toward the valve body first end 7, 
between the valve body 2 and the native wall surrounding the mitral orifice in use. The 
flexible skirt 20 will typically be sutured to the diagonal element 17 of each valve body 
sub-frame member 12, and as such will effectively provide a continuation of the valve 
leaflets 3, 4 on the exterior of the valve body 2. The flexible skirt 20 may be formed of 
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biological material, such as pericardial material, or altematively might be formed of any 
sxiitable flexible non-biologic material, such as, for example, silicone, polyester or dacron. 

Referring to Figure 6, the anchor device 5 will also typically comprise a collapsible 
anchor JBrame formed of elongate anchor frame elements 21. The anchor frame elements 
21 will again typically be formed of a superelastic shape memory material as per the 
valve body elements 11, and may again be fonned of nitinol or other suitable elastic 
materials. Here the anchor device frame 5 is formed of an array of anchor sub-fiame 
members 22. Each anchor sub-fi^e member has the general form of a rhombus. Rather 
than being joined side to side as per the valve body sub-frame members 12, however, the 
anchor sub-frame members 22 are here each joined in a radial pattern at their oblique- 
angled vertices 23, 24. 

Accordingly, the anchor device S is collapsible from a stable substantially fiat plate- 
like configuration (as depicted in Figures 6 and 7) to an unstable elongate configuration 
for location within a catheter 1 8 (as particularly depicted in Figure 8). The anchor device 
5 is provided at one end, corresponding to the obhque-angled vertices 23, with a coupling 
25 for releasably coupling to a guide element as will be discussed below. The coupling 
25 may suitably be in the form of a threaded aperture. 

The anchor line 6 will also generally be secured to the end of the anchor device 5 
corresponding to the oblique-angled vertices 23, and will extend through the length of the 
anchor device 5 beyond the opposing obhque-angled vertices 24, such that tension 
applied to the anchor line 6 will tend to retain the anchor device 5 in the flat 
configuration. The anchor line 6 may be formed of any suitable flexible wire or cord, and 
may be suitably fonned again of nitinol wire or stainless steel Avire. Other suitable 
materials may include carbon fibre, polyimides or aromatic polyamides. Where elasticity 
in the anchor line is desired, other suitable materials may include polyether block amide 
(PEB AX), silicone or polyurethane. 

The opposing end of the anchor line 6 will typically be secured to the valve body 
first end 7, typically by way of three fiirther lines 6a converging from the acute angled- 
vertices 13 of each-frame member 12 of the valve body 2. Where desired, fiulher anchor 
lines 6 extending between the valve body 2 and anchor device 5 may be utilised. 

The structure of the valve body 1 and anchor device 5 may be covered with 
biological material or less thrombogenic material to reduce the possibihty of blood 
clotting around the non-biological material from which the valve body 2 and anchor 
device 5 will typically be fonned. 
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A surgical procedure for replacement of a native mitral valve 101 utilising the 
prosthesis 1 will now be described with reference to Figures 9 to 15. Given that the 
native mitral valve 101 and mitral valve oriiSce 102 will generally vary in size between 
patients, measurements of the native mitral valve 101 and orifice 102 may be made with 
the use of a compliant balloon and transthoracic and transesophageal echocardiography. 

The compliant balloon is located in the valve orifice 102 and expanded so as to 
move the leaflets of the native valve 101 out of the way and enable measurement of the 
diameter of the mitral valve orifice 102. A measurement of the distance between the 
native mitral valve 101 and the region of the inter-atrial septum 103 is also taken. 

Based on the measurements taken, a suitably sized prosthesis valve body 2 is 
selected to fit the size of the mitral valve orifice 102 such that the valve leaflets 3, 4, will 
be positioned in the vicinity of the native valve 101. The measurement of the distance 
between the native mitral valve 101 and the mid region of the inter-atrial septum 103 is 
also utilised to determine the length of the anchor line 6 extending between the valve 
body 2 and anchor device 5, such that the anchor line 6 will be taught when the prosthesis 
1 is deployed, as will be discussed fiirther below. 

The venous system of the patient to be treated is accessed via a puncture 104, 
typically in the groin area, accessing the femoral vein 105. Access to the venous system 
might alternatively be made via other large peripheral veins such as the subclavian or 
jugular veins. The femoral vein 105 is, however, preferred given the compressibility of 
the femoral vein 105 once a catheter is removed from the patient to achieve haemostasis. 

A guide wire 26, typically having a diameter of approximately 0.85 to 1.7 nun, is 
then inserted through the puncture 104 and along the femoral vein 105 and via the inferior 
venacava 106 to the right atrium 107 of the patient's heart 100 as depicted in Figure 9. If 
additional steadying of the guide wire 26 is desired, a snare may be introduced to the 
heart 100 through an arterial approach from the left or right femoral artery, aorta and 
aortic valve. The snare will then engage a J-tip on the end of the guide wire 26 and draw 
the end of the guide wire 26 through the arterial system to the exterior of the patient so 
that opposing ends of the guide wire 26 may be steadied. 

A catheter 18, typically having an intemal diameter of at least 8 French 
(approximately 2.8 mm) is then advanced over the guide wire 26 and into the right atrium 
107. Referring to Figure 10, a puncture 108 is then made in the inter-atrial septum 103 
using conventional equipment advanced via the catheter 18 in the known manner. The 
guide wire 26 and catheter 18 are then further advanced through the septal puncture 108 
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into the left atrium 109, through the native mitral valve 101 and into the left ventricle 1 10 
as shown in Figure 11. The first end 27 of the catheter 18 is thus located in the left 
ventricle 110 whilst the opposing second end of the catheter 18 is still located on the 
exterior of the patient. 

The mitral valve prosthesis 1 is then collapsed and fed into the second end of the 
catheter 18, with the second end 8 of the collapsed valve body 2 leading. An elongate 
prosthesis guide element 29 is detachably attached to the prosthesis 1, here by way of the 
screw threaded coupling 25 of the anchor device 5. The prosthesis guide element 29 may 
be a fiirther guide wire with a cooperating screw threaded coupling 30 on its end, or 
alternatively might be a narrower catheter. The prosthesis 1 is advanced along the 
catheter 1 8 toward the catheter first end 27 as shown in Figure 12. Rather than using a 
screw threaded coupling arrangement 25, 30 to couple the anchor device 25 and 
prosthesis guide element 29, a clip, clamp or the like may be utilised. 

The prosthesis 1 is advanced imtil the valve body 1 is released past the catheter first 
end 27 and into the left ventricle 1 10 as shown in Figure 13. As the valve body 2 is 
released firom the catheter first end 27, the elasticity of the valve body fi:ame results in the 
valve body 2 extending to its uncollapsed state. The valve body 2 remains attached to the 
anchor device 5 by way of the anchor line 6. 

Referring to Figure 14, the catheter 18 is then withdrawn through the puncture 108 
such that the catheter first end 27 is located in the right atrium 107. Simultaneously, the 
prosthesis guide element 29 is withdrawn so as to draw the expanded valve body 2 toward 
the native mitral valve orifice 102 and left atrium 109. As the valve body first end 7 is 
sized to enable it to pass through the mitral valve orifice 102, and the valve body 2 is 
t£q)ered such that the valve body second end 8 is sized so as not to pass through the ndtral 
valve orifice 102, the valve body 2 engages the annular wall 1 1 1 of the mitral valve 
orifice and thus becomes wedged within the valve orifice 102. The valve body diagonal 
elements 17 and valve leaflets 3, 4 are ideally positioned adjacent the native mitral valve 
101, whose leaflets are pushed away and crushed against the mitral valve orifice wall 111 
by the valve body 2. Accordingly, with the native mitral valve 101 being pushed away 
firom the mitral valve orifice 102, there is no need to remove the native mitral valve 101. 

The barbs 19 protruding fi-om the valve body 2 and facing towards the valve body 
first end 7 (and thus the left atrimn 109) pierce into the valve orifice wall 1 1 1 as the valve 
body 2 is wedged into position. The barbs 19 located adjacent the valve leaflets 3, 4 
engage the valve orifice wall 1 1 1 in the vicinity of the native valve leaflets, whilst the 



wo 2005/087140 



14 



PCT/AU2005/000346 



barbs 19 at the valve body second end 8 engage additional cardiac structure surrounding 
the lower end of the valve orifice 102 within the left ventricle 110. 

The peripheral skirt 20 extending about the valve body 2 is located on the 
ventricular side of the mitral valve orifice 102, so as to seal between the periphery of the 
valve body 2 and the mitral valve orifice wall 111 when the left ventricle 1 10 contracts 
and pressurises during ventricidar systole. 

The catheter 1 8 is then fiirfher retracted such that the anchor device 5 is released 
from the catheter first end 27. As the anchor device 5 is released it expands to its un- 
coUapsed state and, with appropriate sizing of the anchor line 6, engages the inter-atrial 
septum 103 fix>m within the right atrium 107, as shown in Figure 15. The catheter 18 and 
guide wire 26 are then drawn back through the venous system and removed fi:om the 
patient to complete Ihe procedure. At any stage during the deployment process, the 
anchor device 5 and valve body 2 may be retracted back into the catheter 1 8 and removed 
if any difficulties are encoxmtered. 

The anchor device 5 thus securely anchors the valve body 2 in the mitral valve 
orifice 102 against migration towards the left ventricle 110 during atrial systole, when the 
left atrium 109 contracts and pressurizes. The tapered configuration of the valve body 2, 
effectively wedging the valve body 2 into the mitral valve orifice 102, anchors the valve 
body 2 against migration towards the left atrium 109 during ventricular systole. The 
barbs 19 additionally anchor the valve body 2 against migration towards the left atrium 
109, 

Once the prosthesis is successfiiUy in place, the prosthesis guide element 29 is 
detached from the anchor device 5, by rotating the prosthesis guide element 29 to thereby 
decouple the threaded coupling. 

The entire procedure may be performed under the guidance of fluoroscopy, 
transthoracic and transesophageal echocardiography in a known manner. 

The valve leaflets 3, 4 replace the fimction of the native mitral valve leaflets, 
allowing bloodflow from the left atrium 109 to the left ventricle 110 through the mitral 
valve orifice 102 and bloodflow passage 9 of the valve body 2 during atrial systole, whilst 
blocking retrograde flow &om the left ventricle 1 10 to the left atrium 109 during 
ventricular systole. The peripheral skirt 20 fiirther blocks bloodflow through any gaps 
between the valve body 2 and the mitral valve orifice wall 1 1 1 in the retrograde direction 
during ventricular systole. 
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In addition to, or in place of, the barbs 19 and tapered shape of die valve body 2 
anchoring the valve body 2 against migration towards the left atrium 109, a further anchor 
device 5 might be utiUsed to anchor the valve body 2 to the inter-ventricular septum 1 12. 
Similarly, the tapered form of the valve body 2 might be utiHsed in conjunction with other 
mechanisms for securing the valve body 2 against migration towards the left ventricle 
rather than utilising the anchor device. It is fiirther envisaged that the general valve 
prosthesis configuration maybe utilised for other types of heart valve prosthesis, for 
replacement of the aortic semiluminar valve, puhnonary semiluminar valve or tricuspid 
valve, utilizing altemative stmctures of the heart for securing the anchor device. 

An alternate fomi of valve prosthesis 201 is dq)icted in Figures 16 to 20. The 
prosthesis 201 has an anchor device 5 much the same as that of the prosthesis 1 of Figure 
1, however the valve body 202 is in the general form of a collapsible cylindrical ring. 
The collapsible ring 202 is formed of a squat cyhnder and may have a woven conslmction 
formed of elongate elastic elements, typically metallic wire. Again, a particularly suitable 
material is a superelastic shape memory material such as nitinol. The valve body ring 202 
should be sized so as to have an undeformed diameter slightly larger than that of the 
mitral valve orifice 102, such that when deployed, a compressive force is appUed to the 
wall 1 1 1 of the valve orifice 102 to assist retaining the valve body in place. Care should 
be taken, however, not to oversize the valve body ring 202 such that an excessive 
compressive force is applied to the noitral valve orifice wall 111 which, as discussed 
above, may result in collapsing of the aortic outflow tract 

The valve body ring 202 is arranged such that it may be collapsed into a cylindrical 
shape of reduced diameter, enabling it to be loaded into a catheter 18, as depicted in 
Figure 18 in a similar manner to the valve body 2 described above. 

Valve leaflets 3, 4, as described above in relation to the first prosthesis 1, are 
secured to the valve body ring 202, again typically by suturing. Here three anchor lines 6 
secure the valve body ring 202 to the anchoring device 5, with the anchor line 6 bemg 
secured at points spaced equidistantiy about the valve body ring 202. 

Prongs 19 protrude fi-om the valve body ring 202 toward the anchoring device 5 for 
engaging the valve orifice wall 1 1 1 in much the same manner as discussed above. 

Referring to Figures 19 and 20, deployment of the prosthesis 201 is generally the 
same as that described above in relation to the first prosthesis 1, with the primary 
difference being the lack of a tapered body that is wedged into the mitral valve orifice 102 
to assist anchoring against migration towards the left atrium 109. The valve body ring 
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202 thus relies on the barbs 19 and compressive force appUed to the mitral valve orifice 
wall 1 1 1 to prevent migration towards the left atrium 109- 
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CLAIMS: 

1 . A percutaneous heart valve prosthesis comprising: 

a valve body having a valve body first end, a valve body second end and a 
passage extending along a longitudinal axis between said valve body first end and said 
valve body second end, said valve body being collapsible about said longitudinal axis for 
delivery via catheter; 

one or more flexible valve elements secured to said valve body and extending 
across said passage for blocking bloodflow in one direction through said passage; 

an anchor device, said anchor device being collapsible for delivery via 
catheter; and 

an anchor line secured to and extending between said valve body and said 
anchor device. 

2. The prosthesis of claim 1 wherein said anchor device comprises a collapsible 
anchor firame formed of elongate elastic anchor firame elements. 

3. The prosthesis of claim 2 wherein said anchor firame is collapsible firom a 
stable substantially flat disc-like configuration to an unstable elongate configuration for 
location within a catheter. 

4. The prosthesis of claim 2 wherein said anchor fi:ame elements are each 
formed of a superelastic shape memory material. 

5. The prosthesis of claim 1 wherein said valve body comprises a coll^sible 
valve body firame formed of elongate elastic valve body elements. 

6. The prosthesis of claim 5 wherem said valve body firame elements are each 
formed of a superelastic shape memory material. 

7. The prosthesis of claim 1 wherein said valve body tapers toward said valve 
body first end. 

8. The prosthesis of claim 7 whereui said anchor line is secured to said valve 
body first end. 

9. The prosthesis of claim 5 wherein said valve body firame comprises at least 
three valve body sub-firame members, each said valve body sub-firame member having the 
general form of a deltoid, each said deltoid having acute-angled vertices at said valve 
body first and second ends, and oblique-angled vertices located between said valve body 
first and second ends. 

10. The prosthesis of claim 9 wherein each said valve body sub-firame member 
has the general form of a rhombus. 
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1 1 . The prosthesis of claim 9 wherein adj acent said valve body sub-frame 
members are joined at respective said oblique-angled vertices. 

12. The prosthesis of claim 1 1 wherein each said sub-frame member ftirther 
comprises a collapsible diagonal element extending between said oblique-angled vertices. 

13. The prosthesis of claim 12 wherein said one or more valve elements is/are 
secured to said diagonal elements. 

14. The prosthesis of claim 5 wherein said valve body frame is in the general 
form of a collapsible cylindrical ring. 

15. The prosthesis of claim 1 wherein said prosfliesis further comprises a plurality 
of prongs spaced about a periphery of said valve body for engaging the native wall of a 
valve orifice in use. 

16. The prosthesis of claim 1 wherein said prosttiesis further comprises a flexible 
skirt extending about a periphery of said valve body for blocking blood flow in said one 
direction between said valve body and the native wall of a valve orifice in use. 

17. The prosthesis of claim 16 wherein said flexible skirt is formed of biological 
material. 

1 8. The prosthesis of claim 17 wherein said flexible skirt is formed of pericardial 
material. 

19. The prosthesis of claim 1 wherein said prosthesis is a mitral valve prosthesis. 

20. A percutaneous heart valve replacement system comprising: 

a catheter having a catheter first end and a catheter second end; 

a prosthesis as defined in claim 1 located in said catheter, said valve body 
being in a collapsed state and located towards said catheter first end, said anchor device 
being m a collapsed state and located between said valve body and said catheter second 
end; and 

an elongate guide element having a guide element first end and a guide element 
second end, said guide element first end being detachably attached to said anchor device 
and said guide element second end extendmg beyond said catheter second end. 

21. A percutaneous heart valve prosthesis comprising: 

a valve body having a valve body first end, a valve body second end and a 
passage extending along a longitudinal axis between said valve body first end and said 
valve body second end, said valve beiug collapsible about said longitudinal axis for 
delivery via catheter; 
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one or more flexible valve elements secured to said valve body and extending 
across said passage for blocking bloodflow in one direction through said passage; 

wherein said valve body tapers toward said valve body first end, said valve 
body first end being sized to pass through a valve annulus associated with a heart valve to 
be replaced, said valve body second end being sized so as not to pass through the valve 
orifice. 

22. The prosthesis of claim 21 wherein said valve body comprises a collapsible 
valve body fi:ame formed of elongate elastic valve body elements. 

23. The prosthesis of claim 22 wherein said valve body firanie elements are each 
formed of a siq)erelastic sliape memory material. 

24. The prosthesis of claim 22 wherein said valve body firame comprises at least 
three valve body sub-firame members, each said valve body sub-firame member having the 
general form of a deltoid, each said deltoid having acute-angled vertices at said valve 
body first and second ends, and oblique-angled vertices located between said valve body 
first and second ends. 

25. The prosthesis of claim 24 wherein each said valve body sub-firame member 
has the general form of a rhombus. 

26. The prosthesis of claim 24 wherein adjacent said valve body sub-frame 
members are joined at respective said oblique-angled vertices. 

27. The prosthesis of claim 26 wherein each said sub-frame member further 
comprises a collapsible diagonal element extending between said obhque-angled vertices. 

28. The prosthesis of claim 27 wherein said one or more valve elements is/are 
secured to said diagonal elements. 

29. The prosthesis of claim 21 wherein said prosthesis is a mitral valve prosthesis. 

30. A percutaneoiis heart valve replacement system comprising: 

a catheter having a catheter first end and a catheter second end; 

a prosthesis as defined in claim 21 located in said catheter, said valve body 
being in a collapsed state and located towards said catheter first end; and 

an elongate gtiide element having a guide demerit first end and a guide 
element second end, said guide element first end being detachably attached to said 
prosthesis and said guide element second end extending beyond said catheter second end. 

31. A percutaneoios heart valve prosthesis comprising: 

a valve body having a valve body first end, a valve body second end and a 
passage extending along a longitudinal axis between said valve body first end and said 
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valve body second end, said valve body being collapsible about said longitudinal axis for 
delivery via catheter; 

one or more flexible valve elements secured to said valve body and extending 
across said passage for blocking bloodflow in one direction through said passage; and 

a flexible skirt extending about a periphery of said valve body for blocking 
bloodflow in said one direction between said valve body and the native wall of a valve 
orifice in use. 

32. The prosthesis of claim 3 1 wherein said flexible skirt is formed of biological 
material. 

33. The prosthesis of claim 32 wherein said flexible skirt is formed of pericardial 
material. 

34. The prosthesis of claim 3 1 wharein said prosthesis is a mitral valve prosthesis. 

35. A percutaneous heart valve replacement system comprising: 

a catheter having a catheter first end and a catheter second end; 

a prosthesis as defined hi claim 31 located in said catheter, said valve body 
being m a collapsed state and located towards said catheter first end; and 

an elongate guide element having a guide element first end and a guide 
element second end, said guide element first end being detachably attached to said 
prosthesis and said guide element second end extending beyond said catheter second end. 

36. A method of treating a failed or failing mitral valve comprising the steps of: 
advancing a first end of a catheter through the venous system of a patient to 

be treated mto the ri^t atrium of the patient's heart; 

creating a puncture in the inter-atrial septum of the heart; 

advancing said catheter first end through said puncture, into the left atrium, 
through the native mitral valve and into the left ventricle of the heart; 

locating a prosthesis as defijied in claim 1 in said catheter with said valve 
body and said anchor device in a collapsed state, said valve body being located between 
said anchor device and said catheter first end; 

advancing said prosthesis through said catheter until said valve body is 
released from said catheter first end, thereby expanding said valve body from said 
collapsed state; 

withdrawing said catheter first end through the mitral valve into the left 

atrium; 
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withdrawing said valve body toward the left atrium, locating said valve body 
in the orifice of the native mitral valve; 

withdrawing said catheter first end through said puncture and into the right 

atrium; 

advancing said anchor device through said catheter until said anchor device is 
released fi:om said catheter first end, thereby expanding said anchor device &om said 
collapsed state; 

engaging said anchor device with said inter-atrial septum about said puncture; 

and 

withdrawing said catheter &om the patient. 

37. A method of treating a failed or failing mitral valve comprising the steps of: 
advancing a first end of a catheter through the venous system of a patient to 

be treated into the rigjit atrium of the patient*s heart; 

creating a puncture in the inter-atrial septum of the heart; 

advancing said catheter first end through said puncture, into the left atrium, 
through the native mitral valve and into the left ventricle of the heart; 

locating a prosthesis as defined in claim 21 in said catheter with said valve 
body in a collapsed state and said valve body second end located between said valve body 
first end and said catheter first end; 

advancmg said prosthesis through said catheter until said valve body is 
released firom said catheter first end, thereby expanding said valve body fix)m said 
collq)sed state; 

withdrawing said catheter first end through the mitral valve into the left 

atrium; 

withdrawing said valve body toward tiie left atrium, wedging said valve body 
in the orifice of the native mitral valve; and 

withdrawing said catheter firom the patient 

38. A method of treating a failed or failing mitral valve comprising the steps of: 
advancing a first end of a catheter through the venous system of a patient to 

be treated into the right atriuxa of the patient's heart; 

creating a puncture in the inter-atrial septum of the heart; 

advancing said catheter first end through said puncture, into the left atrium, 
through the native mitral valve and into the left ventricle of the heart; 
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locating a prosfliesis as defined in claim 31 in said catheter with said valve 
body in a collapsed state; 

advancing said prosthesis through said catheter until said valve body is 
released from said catheter first end, thereby expanding said valve body torn said 
collapsed state; 

withdrawing said catheter first end through the mitral valve into the left 

atrium; 

withdrawing said valve body toward the left atrium, locating said valve body 
in the orifice of the native mitral valve with said skirt located toward the left ventricle; 
and 

withdrawing said catheter &om the patient. 
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